Because cancer care is presently developing into a complicated network of interventions delivered at different times and places with different intentions, there is a need to consider whether the current research approaches in clinical cancer care adequately cover the ongoing treatment choices and combinations. Researchers in complementary and alternative medicine (CAM) are proposing whole systems research as an additional research approach for modern systems of care, whether they include complementary and alternative medicine or not. The current status of whole systems research methodology development is mainly theoretical. Necessary components of the methodology include focus on interventions, context, process, outcomes, and philosophy. Further development should be based on observational studies using both qualitative and quantitative approaches, often combined. Only when modern healthseeking systems of treatment behaviors are thoroughly understood should fine-tuning of hypothesis-testing research methods be continued.
The increased use of complementary and alternative medicine (CAM) has changed cancer care. An estimated 30% to 50% of cancer patients in Western developed countries use both conventional and CAM approaches for cancer treatment and management. [1] [2] [3] [4] Common reasons for doing so include believing in complementary and/or holistic care, taking charge of the disease, dealing with cancer symptoms, dealing with side effects of conventional treatment, improving quality of life/well-being, strengthening the immune system, increasing energy, working with a supportive practitioner, and supplementing conventional cancer treatment. 5 It is clear that many cancer patients desire treatment outcomes that go beyond the biological and physical domains. They seek healing: "the restoration of harmony, balance and optimal functioning at all levels of a person." 6(p3) For some patients, cancer care has developed into a system or complicated network of interventions delivered at different times and places with different intentions. Some interventions are offered by health care professionals at an oncology center, whereas others are offered by CAM practitioners; still others, such as special diets or meditation, form part of a patient's individualized package of self-care. These treatment interventions are influenced by psychosocial factors such as the nature of the patient-provider relationship, varying levels of social support, and an individual patient's personality. For example, poor communication between cancer patients and their health care providers can negatively influence psychosocial outcomes and quality of life 7 ; cancer patients with strong social support may experience increased survival and treatment response 8 ; and an optimistic personality can predict long-term psychosocial well-being. 9 All components of care, not only the conventional and/or CAM treatment intervention, contribute to a range of outcomes, and the whole of all components is greater than the sum of its parts. It is clear that the evaluation of cancer care requires different methodological approaches than are currently commonly used.
One such approach, developed by CAM researchers, is whole systems research (WSR). Through the use of qualitative and quantitative methods, WSR intends to comprehensively study the effectiveness of an intervention as well as the process, context, outcomes, and philosophy of the intervention. This approach can be applied to systems such as Traditional Chinese Medicine (TCM), naturopathic medicine, homeopathy, or integrative medicine, or it can be applied to individualized systems where patients design their own systems of care, ranging from herbal treatments to modalities provided by practitioners. 10 Although WSR originally was proposed as a research approach within CAM, the applicability of WSR extends to other more conventional medicine interventions as well, for example, palliative care, addiction treatment, and pain management. 11, 12 The purpose of this article is to provide the rationale for using WSR in cancer intervention research and suggest some directions for the further development of this research approach. We will build on this approach [11] [12] [13] to suggest a practical approach that is informed by similar work done in other disciplines.
Rationale for the Use of a WSR Approach in Cancer Treatment
Current cancer care research often falls short in addressing the complexity inherent in the dynamic, multifaceted, and often individualized packages of care that cancer patients create on the basis of conventional treatments and CAM practices (including self-care). A typical conventional study will evaluate the effectiveness of a single standardized component of cancer care (eg, a support group) on a specific set of outcomes (eg, disease progression, survival, and quality of life). The effects of individual and contextual factors or other treatments a patient may be using are thus ignored. Possible interaction effects between treatments and process and contextual factors are likewise often overlooked. Such research, although perhaps internally valid, may lack external validity, because it likely does not reflect the realworld situations that cancer patients experience.
The need for new methodological approaches in evaluating complex systems of care (interventions) has been raised in several disciplines, for example, public health, 14 nursing, 15, 16 CAM, 11, 12 conventional medicine, 17 and psychosocial oncology. 18 Each discipline appears to use somewhat different terminology, but the underlying thoughts and recommended processes are similar. Each approach describes a process by which to evaluate the effectiveness of interventions that include multiple, inseparable components, accounting for many factors that may affect the implementation or outcomes of an intervention. In public health, for example, there is increasing recognition that public health interventions are complex, programmatic, context-dependent, and more than the sum of their parts. 14, 19 Interventions need to be better theorized to reflect their complexity, 14 and the term "intervention integrity" is used to represent evidence of fit with the theory or principles of the hypothesized change process. In nursing, Sidani et al 15 described a theory-driven approach to effectiveness research that reconciles the assumptions of clinical nursing research with those of clinical nursing practice. The goal of this theory-driven approach is to identify factors that can affect the implementation of the intervention and the achievement of outcomes expected of it, to measure these factors, and to examine the influence they have on the desired intervention effects. Contextual factors, such as those relating to patients receiving care, nurses providing care, or the setting or context in which the care is provided, interact and affect the expected outcomes. 16 The Medical Research Council (MRC, United Kingdom) has similarly proposed a 5-step approach (program of research) for evaluation of complex conventional medical interventions. 17 It involves exploration of relevant theory, prediction of major possible confounders, and identification of the constant and variable components of the intervention and their underlying mechanisms. The authors argue that this process will lead to randomized controlled trials (RCTs) that compare a fully defined intervention with an appropriate alternative. Finally, outcomes of the intervention are assessed over the long term in natural, or uncontrolled, settings. Focusing on psychosocial oncology, Temoshok 18 also emphasized the importance of hypotheses and theory development and proposed an integrative RCT design for psychosocial interventions that incorporates similar components as the MRC and theory-driven approaches. This approach involves identifying conceptual frameworks that elucidate the processes linking an intervention to cancer outcomes and includes psychogenicity of the intervention (the ability of an intervention to produce hypothesized outcomes), potential mediating mechanisms, and individual differences.
Each approach has its strengths and weaknesses. The theory-driven approach 15, 16 seems to be the most developed approach. It presents a clear framework that centers on processes of care at different levels that contribute to outcomes assessment. However, although this approach acknowledges variability in processes of care, it implies that striving for (and achieving) high quality care will standardize such processes, which seems to negate the notion that healing is an ongoing process. The MRC framework, although quite well developed, promotes the segmentation of an intervention into its component parts, which does not seem appropriate given that the definition of a complex system hinges on the synergy that results when the parts are considered as a whole. 17 The WSR approach stands out for its attention to the process of healing in addition to outcomes and for explicitly recognizing philosophical assumptions as fundamental to the research design. Given the extensive use of systems or packages of care that are based on varying philosophical principles, a research approach that acknowledges and respects such principles is required. To not match a research design to the philosophical assumptions underlying treatment approaches is to limit the model validity of the research. Model validity assesses the likelihood that the research has adequately addressed the unique theory and therapeutic context of the healing system. 20, 21 Further development of WSR should be informed by methodological developments in other disciplines.
WSR as a Comprehensive Approach to Assess Cancer Interventions
In this section we briefly discuss important components of WSR.
Philosophical Assumptions
Philosophy consists of the worldview or set of values that underlie the intervention or whole system. All treatments and treatment systems have an underlying philosophy, whether they are conventional, complementary, alternative, an integrative combination, or an individualized package of care. Examples are assumptions about diagnosis (eg, causes of disease), treatment (eg, holistic healing or curing), or the nature of the patient-provider relationship (eg, participatory or passive). On a broader scale, philosophical assumptions dictate how we can know whether an intervention is effective and by what measures. Philosophical assumptions, therefore, drive the entire research process in establishing what research questions may be asked, and they suggest what relevant hypotheses may be tested. They provide a framework of important factors to be considered in research design, most importantly the theoretical or conceptual model. 16, 18 From these assumptions, the research methods and relevant outcomes become apparent, as do means by which to place the results into appropriate context. 19 
Research Questions and Hypotheses
We are only beginning to learn about whole systems. Conceptually, we know that whole systems are indivisible, adaptive, and dynamic and consist of nonlinear interactions between components (I. Bell, unpublished data, 2005) . Practically, however, we do not know much about the nature of specific whole system interventions: How are individual multicomponent packages of care created? What nonlinear pathways do patients follow on their healing journey? What is the process of change within a person as an individual complex system? What set of process and outcome measures are appropriate in a whole systems context? It is therefore difficult to formulate specific research questions and hypotheses. We need to conduct exploratory research to develop theories that aim at understanding whole systems.
Study Design
As identified by the MRC, research on health care systems needs to be conducted in phases, beginning with small-scale qualitative studies to explore the nature of systems and develop models and hypotheses regarding relevant interventions and their components, context, content, and mechanisms of action. 17 Once a strong theoretical base has been established, small quantitative studies that determine how an intervention may be delivered, and to whom, are appropriate, followed by more rigorous and larger studies to more strongly suggest effectiveness. Finally, a definitive test of effectiveness or efficacy can be pursued. Research should start small so that as much as possible about an intervention is understood before it is built on it in successive phases of research (M. Aickin, unpublished data, 2005). Randomized controlled trials should only be considered after we have a better understanding of the processes and outcomes of whole systems and welldesigned observational studies have been completed. Emphasis should therefore be placed on these earlyphase research designs. Bell (unpublished data, 2006) has suggested that, given the early stages of WSR development, before researchers can fully develop appropriate studies on integrative medicine or individualized packages of care, they will need to work out methodological approaches to the "smaller," better established CAM whole systems such as homeopathy or naturopathy.
Recommended Further Steps in Early-Phase WSR Research
Given the current status of WSR, the following considerations about patient selection, data collection, context, and process are limited to the observational phase of WSR.
Patient Selection
Because patients are unique, and differ in attitudes, beliefs, health status, and personalities, Sidani et al 15 recommended a very minimal list of exclusion criteria, for example, only those with a condition that interferes with the intervention being implemented-as is done in practice. Selection criteria that are too stringent result in a participant population that is not reflective of the real world, thus limiting the generalizability of results. Broader inclusion criteria increase the generalizability and clinical relevance of results because the heterogeneity of participants is increased. Patients' own preferences and expectations also play an obvious role in determining which patients choose which interventions in a real-world context. For this reason, only patients who actually choose an intervention should be included in a study, because they represent those most likely to choose a similar intervention in the future. Preferences, expectations, beliefs, and personalities should be measured at patient intake, so that subgroup analyses can later be conducted to explore the influence of participant characteristics on outcomes.
Data Collection
In light of the need for broad early-phase research, data collection methods should aim at recording and understanding as much of patients' background, philosophies, contexts, choices, and experiences as possible. This can be achieved by combining qualitative and quantitative research methods in a mixed methods design. In-depth qualitative data collection on a small group of patients can identify themes that can be studied in a larger group of patients via questionnaires or standardized interviews. Results from such studies can then be further explored in a new round of qualitative in-depth interviews with a smaller group of patients. This iterative process can be continued until the researchers consider they have reached saturation with regard to relevant aspects of the patient experience.
Context
The context and process of intervention delivery must be carefully described. Including context factors in research requires identification of those factors that are relevant, because this may vary with the type of intervention being assessed. It is also important to identify intervention components that are highly context dependent and those that are not. 19 The context of an intervention consists of interrelated factors that surround the intervention and give meaning to it, including the following 16,18,19 : 1. Personal, sociocultural, and health-related characteristics of the patients seeking and receiving care (eg, sociodemographic characteristics, control, self-efficacy, preferences, meaning of the intervention, expectations, attitudes and beliefs, coping behaviors, moods, adherence to medical regimens, perceived stress) 2. Personal and professional characteristics of the professionals giving care (eg, practitioner expectations and a wide range of practitioner skills) 3. Physical and social features of the setting in which care is delivered 4. Type and dose of intervention being received by patients 5. The patient-provider relationship, including the nature of and patient satisfaction with the relationship Philosophical assumptions and relevant theory will dictate which factors are important to measure for a given intervention, and subsequently appropriate instruments must be selected to help quantify relevant contextual factors. 16 Once appropriate contextual components of an intervention are described, the synergy that can result from the interaction of the many components can and should be addressed.
Process
The processes by which interventions are delivered and patients heal are complicated. Often these are individualized, pathways that change based on unique patient experiences, needs, preferences, attitudes, beliefs, personalities, and social context. The process of intervention delivery refers to the services offered to patients and the activities in which professionals engage to provide these services. Conceptually it indicates the mechanisms responsible for producing favorable intended outcomes. 16 The process of healing refers to the journey that a patient takes after being confronted with an illness and encompasses changes to physical, biological, social, and spiritual outcomes over time. The process of care is intertwined with contextual factors, as described above, and affects both the further process and outcomes of care. For example, patients, and thus the patient-provider interaction, will also become part of the intervention process as they become engaged in a healing process. As with contextual factors, it is necessary to describe the process of intervention delivery to allow generalizability. The process of healing should also be described to advance understanding of the impact of whole systems on a range of factors in patients' lives. Describing the process of intervention delivery should include details of design, development, and delivery of various intervention strategies and characteristics of people for whom the intervention was effective or not. 19 Describing the process of healing will include documenting changes in outcomes important to patients, providers, and policy makers over time throughout the intervention process. Three recently described processrelated outcomes of whole systems interventions include transformation, 22 unsticking and unstuckness, 23 and meaning giving. 24 
Outcomes
The whole systems nature of cancer treatment requires an expanded set of outcome measures, of which survival, conventional assessments of biomedical outcomes, and quality of life constitute parts. The outcome measures should capture specific and nonspecific effects, natural course of disease, regression to the mean, and genuine placebo effects, because all are important to patients who desire healing as a whole, not just in one narrow domain. In addition, both global outcomes, which assess overall well-being, and individualized outcomes, which assess unique patientcentered outcomes for each research participant, are needed because treatment interventions are often intended to affect more than 1 outcome over a long period of time. Appropriate measures include the Measure Your Medical Outcome Profile, 25 Goal Attainment Scaling, 26 and the Arizona Integrative Outcomes Scale. 27 Timing of outcome measurement is important to document change and the process of change. Measurements should be taken at least twice (once before and once after) during an intervention but ideally would include a continuous long-term followup, appropriate to the intervention and disease progression, to adequately identify impact.
Rychetnik et al 19 suggested asking the following questions to determine if appropriate outcomes have been selected: (a) do the outcomes adequately address the questions asked by key stakeholders (eg, patients, providers, policy makers); (b) do the chosen outcomes allow for both anticipated and unanticipated effects to be tracked, and (c) has (cost) efficiency been addressed?
Data Analysis
A whole systems approach to data analysis may require a radical shift from the norm in intervention research. Instead of attempting to determine the effect of an intervention for the average participant, it may be more appropriate to determine for which participants, presenting with which characteristics, an intervention is effective or not 15 (M. Aickin, unpublished data, 2005). Early research (before seeking a definitive test) may, therefore, divide participants into responders and nonresponders. Differences in characteristics between groups can then be sought, using simple techniques such as t tests, chi-square tests, or regression analysis, as an initial means to provide direction for which therapies may work for which types of patients (M. Aickin, unpublished data, 2005). The goal would be to determine how personal and contextual factors contribute to the process and outcomes of healing. Another analytic approach that may be appropriate is to compare outcome and context measures with descriptions of intervention delivery at varying time points to determine the contribution of various combinations and levels of the intervention to the process and outcomes of healing. Obviously, the chosen analytic approach will differ depending on the research question; however, in general the goal of a WSR program should be to determine how participant, provider, context, and intervention factors interact to affect the process and outcomes of healing and ultimately to determine which interventions, given under what conditions or context, result in which outcomes for which patients.
Interpretation
As suggested by the MRC 17 and as promoted by the whole systems approach, programs of research are needed that incorporate different research designs in a sequential order, leading from theory development to effectiveness testing. At the current stage of development of WSR, we are still in the phase of understanding and describing. It is still too early to indicate what the interpretation of these early-phase studies will be, but we do know that each individual study must be interpreted in the context of a program of research. The aim is to be able to design valid effectiveness studies that can inform and guide evidencebased practices in a broad sense of the term.
Conclusion
We have described why innovative research methods are needed for the study of complex cancer interventions and have suggested a practical approach for the present stage of such research. Interventions are not 1-dimensional, and neither are the patients who receive them or the practitioners who provide them. Failure to account for the complexities inherent in real-world cancer treatment limits the generalizability of results of some of the current cancer research. WSR begins with real-world settings, so that research can be grounded in situations that patients may reasonably encounter. 10 Considering relevant individual, process, and contextual factors and understanding how such factors influence the process and outcomes of interventions enhance the external validity of research and thus the reproducibility of interventions in everyday practice. 15 The approach outlined in this article represents preliminary suggestions only. WSR methods will need to be refined through a process that includes practical examples, reflection, and revision. Importantly, the proposed WSR approach draws on the work from many disciplines, which suggests that increased attention to interdisciplinary efforts is required to move forward in the field of evaluation of complex health care interventions. Interdisciplinary and international collaboration will present some challenges for WSR development, including the need for enhanced research capacity and collaboration, buy-in from the conventional medical community; consistent terminology, and means to bridge the diversity of cultural values and beliefs. 28 These challenges, however, also represent an exciting opportunity to advance a comprehensive understanding of interventions and patient healing, so that effective and efficient care may become the norm.
